Objective: This study aimed to empirically compare incident reporting systems (IRS) in two European countries and to explore the relationship of IRS characteristics with context factors such as hospital characteristics and characteristics of clinical risk management (CRM). Design: We performed exploratory, secondary analyses of data on characteristics of IRS from nationwide surveys of CRM practices. Setting: The survey was originally sent to 2136 hospitals in Germany and Switzerland. Participants: Persons responsible for CRM in 622 hospitals completed the survey (response rate 29%). Intervention(s): None. Main outcome measure(s): Differences between IRS in German and Swiss hospitals were assessed using Chi 2 , Fisher's Exact and Freeman-Halton-Tests, as appropriate. To explore interrelations between IRS characteristics and context factors (i.e. hospital and CRM characteristics) we computed Cramer's V.
Introduction
In complex healthcare organizations such as hospitals the risks associated with patient care can never be completely eliminated. Clinical risk management (CRM) is defined as all structures, processes, instruments and activities supporting hospitals to identify, analyze, contain and manage care-related risks while continuing to provide patient treatment and care [1] . It supports hospitals in maintaining and enhancing patient safety [2] .
Incident reporting systems (IRS) are an established CRM instrument in hospitals around the world [3] [4] [5] [6] . They provide a systematic approach to reporting and analyzing critical events related to diagnosis, treatment and care and aim at deriving, implementing and monitoring measures to prevent the reoccurrence of similar events. Research on clinical staff attitudes towards incident reporting and on reasons for underreporting in particular has led to the identification of IRS characteristics that support active utilization of IRS [7] [8] [9] [10] [11] [12] . These characteristics as documented in the literature concerned, for example, the degree of anonymity or confidentiality [13] , the definition of incidents to be reported [14] , the procedures for analyzing incidents [15] , and the feedback processes from the IRS to staff [16, 17] .
However, only a few studies have examined at a national level which IRS characteristics have been implemented by hospitals [5, [18] [19] [20] . Given the relatively recent introduction of IRS in healthcare and the lack of clear standards or guidelines there is likely to be considerable cross-national variation concerning IRS characteristics [21] . Furthermore, characteristics of the hospital and the way in which CRM is organized within that hospital may impact on IRS characteristics. An exploration of the role of such context factors and possible differences in their role between countries can inform targeted, strategic interventions to further improve systematic and widespread dissemination of IRS at the national level [12] .
Therefore, this exploratory study set out to provide an empirical comparison of characteristics of IRS in two European countries based on data from national surveys on CRM. We also aimed to explore the role of context factors (i.e. hospital characteristics and CRM characteristics) that had previously been identified as enablers of CRM [22] concerning IRS characteristics.
Methods

Data collection and sample
This study was a secondary analysis of survey data from nationwide surveys conducted in Germany (GER) and Switzerland (SUI) in 2010 [19, 20] . Originally, the survey was sent to 2136 hospitals (GER: 1815; SUI: 321). Persons responsible for CRM in 622 hospitals completed the survey (overall response rate 29%; GER: N = 484; 27% and SUI: N = 98; 43% (In Switzerland several hospital groups with a common CRM across hospitals named only one contact for the survey. Therefore, data provided by the participating 98 persons responsible for CRM either in individual hospitals or in hospital groups represents the situation in a total of 138 different Swiss hospitals. In Germany each hospital could be contacted individually). [22] ). Both samples used in this re-analysis had been found to be representative of the respective national in-patient healthcare system in the original studies.
Survey instrument
Both surveys were based on the same instrument [23] with slight adaptations in the German version (see Appendix). Since we were interested in the ways in which IRS were set up, one item concerning the existence of an IRS and nine items describing IRS characteristics that had previously been found to be associated with IRS effectiveness [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] were selected for comparison (see Appendix). To explore the role of context factors potentially facilitating or hindering IRS we included three items on hospital characteristics (i.e. hospital type, hospital size and ownership) commonly used in health services research. We also included two items on CRM characteristics (i.e. existence of strategic CRM objectives and a dedicated position for central CRM coordination) that had previously been identified as key enablers for CRM [22] .
While the content of the items selected for analysis was identical in both surveys, the rating scales capturing to which degree certain characteristics had been implemented in a hospital varied slightly for some items (i.e. fewer rating categories in the German survey). Thus, all answers for items with differing rating scales were recoded to allow for a statistical comparison. In doing so, we aimed to maintain a maximum level of differentiation of the degree of implementation (i.e. 'no', 'yes, unsystematically', 'yes, systematically'; see Appendix for recoding procedure).
Statistical analyses
All statistical analyses were performed using IBM SPSS Statistics™ software, version 22. To test for differences in IRS characteristics as well as for differences in context factors (i.e. hospital and CRM characteristics) we conducted Chi 2 -Tests, when none of the cell frequencies were less than five [24] . Otherwise, Fisher's Exact Test or Freeman-Halton-Test was applied [25] . To further investigate the significant differences identified in this step, we conducted cellwise post-hoc tests using adjusted residuals [26] if the expected frequency per cell was above or equal to five. When comparing differences in IRS characteristics pairwise exclusion of missing values was carried out. Again, otherwise Fisher exact tests for pairwise comparison were performed. Due to the binary and categorical variables, we computed Cramer's V (CV) as an indication of effect size when exploring interrelations between context factors and characteristics of IRS [27, 28] . Furthermore, we included only those hospitals in this analysis that provided full information about existence of an IRS and its characteristics. To account for multiple analyses, the P-level for significance of all statistical tests was adjusted to the 1% level based on the Bonferroni-method.
Results
Before comparing IRS characteristics and describing the role of context factors regarding these IRS characteristics in the two countries, we briefly describe differences in hospital and CRM characteristics.
Differences in context factors between German and Swiss hospitals
The distribution of context factors (i.e. hospital and CRM characteristics) in both national samples are presented in Tables 1 and 2 .
Hospital characteristics
Comparing hospital type in the two samples, non-university hospitals were represented significantly more in the German sample and less in the Swiss sample than statistically expected (P < 0.001; CV = 0.2). Psychiatric hospitals were represented less than expected in the German and more in the Swiss sample (P < 0.001; CV = 0.2). The German sample contained significantly fewer small hospitals than statistically expected (hospital size ≤99 beds: P < 0.001; CV = 0.3) and more hospitals with 250-500 beds (P = 0.003; CV = 0.3); the opposite was observed in the Swiss sample.
CRM characteristics
The German and Swiss samples did not differ significantly in CRM characteristics.
Differences between German and Swiss hospitals regarding IRS characteristics
A local IRS was significantly less frequent than statistically expected in the German (N = 230; 48%) and more frequent in the Swiss sample (N = 84; 86%; P < 0.001; CV = 0.3). IRS had also been implemented considerably longer in Swiss hospitals (mean = 4.5 years, median = 4.0 years, maximum = 25.0 years; N = 75) than in German hospitals (mean = 2.2 years, median = 1.8 years, maximum = 10.0 years; N = 215). Table 3 contains information on whether an IRS was established at the respective hospital, on the 9 items describing IRS characteristics as well as on differences between German and Swiss hospitals.
We identified statistically significant differences between IRS in German and Swiss hospitals for anonymous reporting (more frequent in German hospitals; P < 0.001; CV = 0.3), introductory training on reporting (with the response 'systematically' being more frequent in Swiss hospitals and 'unsystematically' more frequent in German hospitals; P < 0.001; CV = 0.3), incident analysis according to a standardized procedure ('systematically' more frequent in German hospitals and 'unsystematically' more frequent in Swiss hospitals; P < 0.001; CV = 0.3) and monitoring of implemented measures ('systematically' more frequent in German hospitals and 'unsystematically' more frequent in Swiss hospitals; P < 0.001; CV = 0.3). Table 4 provides an overview of the relationships between context factors and IRS characteristics for German and Swiss hospitals. All statistically significant interrelations were positive.
Relationships between context factors and IRS characteristics for German and Swiss hospitals
In Swiss hospitals, the existence of a local IRS and introductory training on reporting were significantly related to the CRM characteristic existence of strategic CRM objectives (P = 0.007; CV = 0.3; resp. P = 0.009, CV = 0.3) and anonymous reporting was significantly related to the hospital characteristic hospital type (P = 0.006; CV = 0.4; i.e. more frequent in non-university hospitals and less frequent in psychiatric hospitals: P < 0.004; CV = 0.4).
In German hospitals, the existence of a local IRS was significantly related to the hospital characteristics hospital type (P = 0.001; CV = 0.2) and hospital size (P = 0.007; CV = 0.2), and to the CRM characteristics existence of strategic CRM objectives (P < 0.001; CV = 0.2) and existence of a dedicated position for central CRM coordination (P < 0.001; CV = 0.2). Anonymous reporting was significantly related to the existence of a dedicated position for central CRM coordination (P < 0.010; CV = 0.2). Furthermore, the existence of strategic CRM objectives was related to incident analysis according to a standardized procedure (P < 0.010; CV = 0.2), definition of appropriate measures based upon analysis (P = 0.006; CV = 0.2), information on implemented measures to staff (P < 0.001; CV = 0.3) and to monitoring of implementation of these measures (P = 0.002; CV = 0.2).
Discussion
Comparing characteristics of IRS between two European countries, we identified several differences. Firstly, we found IRS to be more widely spread in Switzerland (i.e. 86% of participating hospitals compared to 48% in Germany). For both countries, these data present a more positive view than prior studies. For example, Spencer and Walshe surveyed healthcare experts from 24 EU member states in 2009 [29] and Note: Response categories according to survey instrument (see Appendix). GER = Germany; SUI = Switzerland. Due to the Bonferroni correction only P-values ≤ 0.010 were considered significant. found that while IRS were reported to be mandatory by 44% of respondents, actual IRS implementation was reported to be less consistent (i.e. 28% reporting implementation 'in all hospitals' and 18% 'in many hospitals'). Secondly, German hospitals more frequently used anonymous IRS than Swiss hospitals. This practice is in line with much of the recent IRS literature and with a recommendation of the German Alliance for Patient Safety, issued in 2007 [30] . Concerning anonymous reporting, there were significant differences within the Swiss sample between hospital types, with psychiatric hospitals more frequently allowing for identifiable reports but ensuring confidentiality. That there is no uniform solution to the question of anonymous vs. confidential reporting has also been documented at the European level [6] .
Another difference was that the persons responsible for CRM in German hospitals more often responded with 'yes, systematically' when asked about using standardized procedures for incident analysis and for monitoring implemented measures. In contrast in Swiss hospitals the persons responsible for CRM more frequently evaluated these IRS characteristics more frequently with 'yes, unsystematically' (including differing ways of doing things in different departments of a hospital).
These differences may reflect the fact that Swiss hospitals had implemented IRS earlier (up to 25 years previously) and that during this time IRS have evolved and had to be adjusted as the scientific understanding of barriers and facilitators to reporting increased. From organizational sciences we know that it is sometimes more challenging to change an existing system than to set up a new one [31] . Thus, hospitals that had implemented IRS later may have had the opportunity to learn from others' past experience and from research highlighting the importance of these steps of the risk management process. From an implementation science perspective these processes require further investigation to compare early adopters of innovative organizational practices with those who implement them once the solutions are more mature [32] .
A secondary aim of this study was to explore associations between characteristics of IRS and hospital as well as CRM characteristics to learn about the potential role of these context factors regarding the ways in which IRS are set up. Overall, German and Swiss hospitals provided rather similar responses on the context factors assessed in this study. Regarding CRM characteristics we identified no statistically significant differences between countries. However, there was rather limited variability in the Swiss data on CRM characteristics. This should be borne in mind when interpreting the statistical findings on associations between context factors and characteristics of IRS implementation.
Overall, while hospital characteristics mainly played a role in whether or not a hospital had established a local IRS, CRM characteristics were related to characteristics of IRS in a number of ways. For example, the existence of strategic CRM objectives was related to IRS existence and to what degree the various IRS characteristics had been implemented (i.e. indicative of five IRS characteristics in the German sample and two in the Swiss sample). This finding is in line with the literature as the existence of strategic CRM objectives had previously been identified as a key enabler for overall CRM at various levels of the hospital organization [22] . In particular, it affected those IRS characteristics for which we observed differences between the national samples (i.e. systematically providing introductory training on reporting in Note: GER = Germany; SUI = Switzerland. Due to the Bonferroni correction only P-values ≤ 0.010 were considered significant. Existence of a local IRS (1 = no; 2 = yes) P = 0.001 P = 1.00 P = 0.007 P = 0.03 P = 1.00 P = 0.16 P < 0.001 P = 0.007 P < 0.001
Definition of incidents to be reported (1 = no; 2 = yes) P = 0.048 P = 0.09 P = 0.55 P = 0.29 P = 0.80 P = 1.00 P = 0.80 P = 1.00 P = 0.48
Anonymous reporting (1 = no; 2 = yes) P = 0.57 P = 0.006 P = 0.18 P = 0.16 P = 0.44 P = 0.09 P = 1.00 P = 0.15 P < 0.010
Introductory training on reporting (1 = no; 2 = yes, unsystematic; 3 = yes, systematic)
Rapid feedback on incidents to reporting staff (1 = no; 2 = yes, unsystematic; 3 = yes, systematic) P = 0.37 P = 0.65 P = 0.02 P = 0.22 P = 0.45 P = 0.44 P = 0.015 P = 0.96 P = 0.12
Information on reported incidents to staff (1 = no; 2 = yes, unsystematic; 3 = yes, systematic) P = 0.09 P = 0.036 P = 0.29 P = 0.79 P = 0.54 P = 1.00 P = 0.04 P = 0.18 P = 0.25
Incident analysis according to a standardized procedure (1 = no; 2 = yes, unsystematic; 3 = yes, systematic) P = 0.40 P = 0.66 P = 0.053 P = 0.32 P = 0.012 P = 0.22 P < 0.010 P = 0.52 P = 0.02
Definition of appropriate measures based upon analysis (1 = no; 2 = yes, unsystematic; 3 = yes, systematic)
Information on implemented measures to staff (1 = no; 2 = yes, unsystematic; 3 = yes, systematic)
Monitoring of implementation of these measures (1 = no; 2 = yes, unsystematic; 3 = yes, systematic) P = 0.85 P = 0.42 P = 0.25 P = 0.60 P = 0.49 P = 0.49 P = 0.002 P = 0.11 P = 0.06
Note: GER = Germany; SUI = Switzerland; P = P-value; CV = Cramer's V. Due to the fact that Cramer's V cannot be below zero [21] , the direction of the association was derived from Cramer's phi. Non-italic Cramer's V values indicate a positive direction of association; italic Cramer's V values indicate a negative direction of association. Due to the Bonferroni correction only P-values ≤ 0.010 were considered significant. Swiss hospitals, and incident analysis according to standardized procedures and monitoring of implemented measures in German hospitals). However, the existence of strategic CRM objectives was -despite its apparent centrality -not associated with all IRS characteristics nor were the findings consistent across countries.
Overall, the lack of a consistent pattern in differences of IRS characteristics and the associations with context factors between German and Swiss hospitals highlights that IRS can be set up in many different ways and that there may not be 'one best way' to do so. While a consistent pattern would imply a tight coupling among the IRS characteristic included in this study the rather complex pattern of interrelations identified in this exploratory study points at the many degrees of freedom that do exist for tailoring IRS to the contextual requirements due to hospital characteristics or the national healthcare system.
Our data also indicate that almost a quarter of the participating hospitals (136 out of 575) had implemented IRS without the existence of strategic CRM objectives. This reflects that IRS implementation is frequently a first step towards CRM development as it is described extensively in the literature [33, 34] . Thus, the relationship between existence of IRS and strategic CRM objectives identified in our study could be interpreted in both ways (i.e. strategic CRM objectives facilitating IRS or IRS as a foundation for more comprehensive CRM approaches that comprise strategic CRM objectives). In combination with the cross-sectional nature of our study that does not allow for inference of causality, this points to a need for future longitudinal studies on the development of IRS and on the potentially changing role of context factors in facilitating or hindering IRS development over time.
Further, the existence of a dedicated position for central CRM coordination was associated with some characteristics of IRS such as the existence of a local IRS and anonymous reporting. However, this relationship may be confounded with the existence of strategic CRM objectives that also made it more likely that a hospital would create such a dedicated position. Again, the study by Spencer and Walshe on quality improvement points in a similar direction by highlighting strategy as a facilitator of actual implementation progress [29] .
Limitations
Firstly, as with all voluntary survey studies there is a risk of selection and response biases. This may have led to an overly positive view of IRS practices. However, for this study that aimed to identify context factors related to IRS characteristics, this is only relevant as it restricts the variability in our sample and may have limited the effect sizes. Furthermore, while hospitals actively involved in CRM may have been more likely to participate in the survey our analyses focused exclusively on those hospitals that provided full information on IRS characteristics. Therefore, we can only draw conclusions about factors associated with the various characteristics of IRS and not about what influences a decision against these characteristics when setting up an IRS or what differentiates hospitals with and without IRS.
Secondly, in exploring the role of context factors in relation to IRS characteristics we included a set of hospital and CRM characteristics that had been found to be relevant in prior quality improvement research. This approach may have led to the exclusion of other context factors potentially impacting on IRS (e.g. level of regulation, hospital accreditation, available resources for CRM activities or level of clinician involvement). As our study was an exploratory analysis, we had not formulated a priori hypotheses, However, the results provide a starting point for building a conceptual model to be tested in future cross-national studies including multiple countries rather than a comprehensive set of context factors. Such a model should include further variables based on theoretical considerations related to theories from organizational and implementation science as well as on evidence from quality and safety improvement research (e.g. professional background of hospital CEO [35] ; item on agenda of hospital board meetings [36] ). Establishing such a model is critical to perform more complex statistical analyses taking into account the potential interrelations between various context factors in predicting IRS characteristics.
Thirdly, there was considerable variation in sample sizes between countries, with a much bigger sample for Germany. This increases the likelihood for statistically significant findings associations with context factors in German hospitals. However, we adjusted our data analysis strategy by running separate analyses for the role of context factors and by using conservative tests such as Fisher Exact Test [37] and providing effect sizes (i.e. CV or phi coefficient) in reporting our findings that under-rather than over-estimated the magnitude of the effect [38] . Therefore, we believe that our statistical findings are robust and may have implications for other countries.
Finally, this study did not specifically examine or control for influencing factors at the national level, because the legal requirements were similar in the two countries at the time the survey was conducted (i.e. voluntary implementation of IRS). However, when aiming to generalize our findings to other countries it has to be taken into account that CRM and IRS characteristics can vary considerably between countries depending on governance and regulation issues. For example, in some countries it is a legal requirement for hospitals to establish IRS locally and to contribute to (de)centralized structures for incident reporting and analysis [29] . While of interest to governmental decision makers, the effects of national policy and legislation were not subjects of this study. However, Germany has meanwhile made incident reporting mandatory with the introduction of the Patient Rights Law in 2013 and in 2016 specified requirements for IRS implementation in their national quality management guidelines explicitly encouraging exchange with trans-organizational reporting systems [39, 40] . The impact of such legal requirements on IRS implementation will be subject to future longitudinal investigation.
Conclusions
This study contributes to an improved understanding of crossnational differences in IRS characteristics based on data from two European countries. By exploring the potential role of context factors it opens up new possibilities for empirically informed, strategic interventions to further improve dissemination of IRS. While much of the IRS literature reports experiences from a limited set of national contexts this study points at a need to carefully consider the impact of characteristics of national healthcare systems when applying their recommendations.
Further, our results point at hospital characteristics that may require adjustments in the way an IRS is set up. Such findings are particularly relevant at a time where many countries have mandated IRS implementation based on experience from quality improvement initiatives where national policy and legislation were relevant drivers for shaping and supporting the systematic implementation in various national healthcare contexts [29] . However, for IRS most countries have not necessarily established appropriate guidance on supporting structures and procedures for IRS implementation [6] . A recent development in this area has been the tri-national recommendation on implementing and running institutional IRS issued by the Austrian, German and Swiss Patient Safety Associations in 2016 [41] . Given the complex nature of this undertaking, there may be delays in effecting national policies whilst necessary capacity building of organizational structures and strategies, as well as leadership support and qualified individuals to coordinate implementation are established. This is supported by our study that emphasizes the importance of CRM characteristics, in particular the existence of strategic CRM objectives, for systematic IRS implementation.
Further studies investigating context factors supporting patient safety initiatives such as IRS implementation are needed to better understand the drivers behind the substantial inter-and intranational variations in the development of patient safety and to ultimately support hospitals in their efforts to move patient safety forward.
